115
acceptance of soil management using voluntary, compliance and economic measures is seen as a 116 core strategy (Paustian et al., 2016) . Accordingly it is assumed that the potential for agricultural 117 practices to sequester carbon and achieve the multiple benefits described can be realised if land 118 managers are persuaded to change practice, and that information plays a central role in this process.
120
Whilst this behavioural model which assumes an 'information deficit' is widely critiqued (Fleming 121 and Vanclay, 2011, Moser, 2010) , the nature and the processes involved in communicating 122 information across the science-practice interface remain of interest. As scholars have argued the 123 quality of the linkage between knowledge and action strongly influences the acceptance of new 124 practices (Vogel et al., 2007) . This has been demonstrated extensively in agricultural research 125 projects which endeavour to bridge the so-called divide between scientific or technical solutions and 126 implementation in the field (Carberry et al., 2002 , McCown, 2001 , Millar and Curtis, 1999 . The 127 process of knowledge development influences the substance of the knowledge developed 128 (Jacobson, 2007 , McNie, 2007 , Pielke Jr, 2007 as such the need to pay attention to internal and 129 external scientific processes and the quality of evidence produced has been highlighted ( Van der 130 Sluijs et al., 2008) . The requirement for greater sensitivity to farmers' understandings of scientific 131 knowledge when exploring management responses particularly for complex and contested issues 132 has also been identified (Holloway, 1999) .
134
The nature of the linkage is pertinent to the context of climate mitigation and adaptation which is 135 difficult to communicate beyond the scientific community, due to its inherent uncertainty and 136 complexity (Hammill and Tanner, 2011 , Moser, 2010 , Shackley and Wynne, 1996 . This is significant 137 given that managing carbon sequestration is a new and technically complex topic, and according to 138 Dilling and Failey (2013) lacks sufficient supportive information for land managers.
140
Communicating effectively about soil carbon management presents some particular challenges.
141
Many of the claims and promotional messages are centred on the scientific characterisation of the 142 potential of practices to enhance carbon sequestration (Dilling and Failey, 2013) . This can be 143 problematic since soil carbon dynamics are associated with scientific uncertainty and debate
144
concerning not only the effectiveness of practices in enhancing soil carbon but also in the role of soil 145 carbon in mitigation (Powlson et al., 2011 , Mackey et al., 2013 , Stockmann et al., 2013 146 Bossio, 2014 , Söderström et al., 2014 , Bradford et al., 2016 . Furthermore, the interest in soil carbon 147 is perceived to be driven by a political climate change agenda and not always relevant to farmer 148 interests, priorities or aligned to their beliefs (Arbuckle et al., 2014, Wilke and Morton, 2015, 149 Sumberg et al., 2013) .
151
All these issues create problems with respect to scientific information being perceived as credible,
152
relevant and considerate of everyday lives and priorities of the farming community. They also 153 highlight that, in order to support land managers' information needs concerning soil carbon 154 management, researchers must become more attuned to the process of producing information as 155 well as the ultimate decision context in which information might be used (Dilling and Failey, 2013) .
157
With this in mind this paper seeks to examine the potential disconnect between science and practice 158 in the context of communicating information about soil carbon management. Specifically, it focuses 159 on the information producing process and on stakeholder assessment of the attributes credibility, 
165
2. Conceptualisation -credibility, salience and legitimacy 166 167
Farmer behaviour and communication 168
Farmers are the group on which the tasks of climate change adaptation and mitigation in agriculture 169 will mainly fall (Berry et al., 2006) . As the main agents undertaking these tasks their behaviour on the ground (Feola et al., 2015) . Many studies taking a techno-scientific view have focused on 172 technological, informational, educational, political and attitudinal barriers to implementing 173 adaptation and mitigation practices on the farm (Smith et al., 2007a , Feliciano et al., 2014 , Arbuckle 174 et al., 2014 , Cook and Ma, 2014 , Burbi et al., 2013 , Dumbrell et al., 2016 . This follows a long 175 tradition of behavioural studies in rural contexts in which factors explaining non-adoption of 176 agronomic practices, innovations and agri-environmental schemes (AES) are evaluated (Feder and 177 Umali, 1993 , Knowler and Bradshaw, 2007 , Siebert et al., 2006 , Prokopy et al., 2008 . In response to 178 criticisms that such approaches do not accommodate farmers' diverse rationalities, there has been a 179 shift towards understanding and influencing behaviour in wider terms of socio-cultural influences, 180 identity and social embeddedness and social principles (Feola et al., 2015 , Burton, 2004 , Vanclay, 181 2004 . Accordingly Fleming and Vanclay (2011 p16) call for social understanding of climate change 182 asserting that "there is no such thing as a barrier to change, only legitimate reasons not to change".
183
Likewise Moran et al. (2013) argue that mitigation win-win messages constructed to persuade 184 farmers to change practices oversimply and neglect socio-cultural aspects of farmer behaviour. In 185 line with this, prominence is increasingly given both in rural and climate mitigation and adaptation 186 contexts to identifying these legitimate reasons by putting more effort into understanding the 187 complexity of farmer decision contexts, as well as to making the process of knowledge production 188 and exchange more effective (McNie, 2007 , Hegger et al., 2012 , Raymond et al., 2010 .
190

The science-practice boundaries 191
In the agricultural setting, the tensions at the interface between science and practice have been the 192 focus of much scholastic work, with attention given to science-farmer relations, specifically the 193 nature of the knowledge they hold, the processes involved in the production and exchange of this 194 knowledge, and the conflict and alignment over the validity and relevance of knowledge constructed 195 in different contexts (Eshuis and Stuiver, 2005 (Tsouvalis et al., 2000 , Ramisch, 2014 , Raedeke and Rikoon, 198 1997 , Turnbull, 1993 . Specifically in relation to soil management, differing aims, methods and 199 context of work have been identified in the two communities . The notion of 200 boundaries has been used to conceptualise the interface between these communities or domains 201 and to reveal their epistemic divides (Wenger, 1999 , Long, 2001 , Carlile, 2004 , O'Kane et al., 2008 .
203
The Science and Technology literature explores how such boundaries at the science-policy interface 204 between communities of experts and decision makers can be understood and managed (Jasanoff, 205 1987) . According to Cash et al. (2003 p.8086) 
215
This body of work is pertinent to understanding the quality of linkage between scientific and farming 216 communities with respect to managing soil carbon. Particularly as scientists are being called upon to 217 translate scientific knowledge into practical tools for land managers on, for example, soil function 218 (Doran, 2002) , and as farmers and land managers are increasingly targeted by scientists to 219 collaborate in research and to develop these tools (Oliver et al., 2012, de Bruyn and Abbey, 2003) .
221
Credibility 222
Credible information is perceived by the users to be accurate, valid, and of high quality. It relates to 223 the nature of the knowledge and methods of its production and perceived validity (Cash et al., 224 2003 (Long, 2001 , Giller et al., 2008 .
232
Credibility has long been known to influence how farmers receive and use information, for example,
233
in studies of acceptance of scientific decision support tools (Carberry et al., 2002) , and in providing 234 agronomic and agri-environmental advice (Sutherland et al., 2013 , Ingram, 2008 .
235
In such cases farmers' experiences of the efficacy of particular scientifically derived advice and 236 prescriptions do not accord with their own knowledge and observations (Riley, 2008) . This can be 237 compounded by conflicting information (Vanclay and Lawrence, 1994) . Credibility, in the sense of 238 believability, is evaluated simultaneously through multiple dimensions, including trustworthiness 239 and expertise; although trust often refers to the source of information (people and social 240 institutions) others argue that it is a perceived quality, it does not reside in people, objects or a piece 241 of information (Tseng and Fogg, 1999) 
243
In communicating the impacts and benefits of climate change adaptation and mitigation to farmers, 244 credibility is influenced by limited scientific evidence and uncertainty (Hammill and Tanner, 2011, 245 Harvey et al., 2014) . Here according to Moser (2010 p35) uncertainty can stem from the lack of data, 246 lack of adequate theoretical understanding of environmental system interactions and "the 247 unavoidable inadequacy of representing nature's complexity in models". Specifically for soil carbon 248 there are indications that scientifically validated information about sequestration is important to 249 public land managers in USA who look for 'reliable', 'unbiased', and 'the best available science' to 250 help them make decisions about changing practice (Dilling and Failey, 2013) . However, the 251 complexity and the contested nature of the soil carbon science suggest that this scientific authority 252 might not be fully available to support recommendations on effective practices for storing SOC.
254
Uncertainties exist because the carbon sequestration benefits of different practices depend on 255 multiple variables: soil texture, soil taxonomy, climate, management and many other local factors.
256
Furthermore, as SOC responds slowly to changes in agricultural management, most SOC changes 257 require many years to be detectable by present analytical methods, and can only be reliably 258 measured in long-term experiments (Smith, 2012 , Desjardins et al., 2005 . Also 
262
ambiguity about the effect of reduced tillage (Baker et al., 2007) , no-till (Powlson et al., 2014) and 263 conservation agriculture (Andersson and D'Souza, 2014) on SOC and yield, demonstrates that the 264 impacts, the synergies, co-benefits (and trade-offs) of certain practices are still to be clarified 265 (Henriksen and Hussey, 2011 
270
Salience 271
The importance of compatibility or 'goodness of fit' of innovations or measures in making them 272 more acceptable to farmers is well established (Pannell et al., 2006, Wilson and Hart, 2001 Cash et al., 2002) . Information that is timely and informs decision makers about problems that 277 are on their agendas has high salience. This has long been recognised in different models and 278 approaches to agricultural extension (Black, 2000 , Rogers, 2010 . In relation to soil carbon, the 279 credibility challenges referred to above are played out in a wider setting of complex decision making 280 for SOC management, where there are a range of barriers and opportunities, transaction costs and 281 economic trade-offs to consider which can constrain the potential to enhance carbon sequestration 282 (Dumbrell et al., 2016) . These conflicting priorities have implications for producing information from 283 science that is salient to users. Dumbrell et al. (2016) 
289
Legitimacy 290
Legitimacy refers to the extent to which knowledge production has been respectful of the divergent 291 values and beliefs of stakeholders, unbiased in its conduct and fair in its treatment of opposing views 292 and interests (Hegger et al., 2012 , Cash et al., 2002 . The need for processes to accommodate 293 stakeholders' views, knowledge and priorities is recognised in agricultural research, as it is in 294 community management settings where the democratic ideal of stakeholder participation is well 295 established (Leeuwis and van den Ban, 2004) . This is in part due to disengagement from scientific 296 explanations of issues and problems because of the imposition of prescriptive and reductive models 297 which do not meet peoples everyday experiences (Wynne, 1996) . This resistance together with a 298 general challenge to scientific superiority has favoured approaches based on the principles of 299 consultation, empowerment and ownership of the problem (Lee and Roth, 2006 
303
and stakeholder engagement, and enable some co-production of knowledge (Millar and Curtis, 1999, 304 Carr and Wilkinson, 2005 , Pohl et al., 2010 , de Bruyn and Abbey, 2003 . In the context of climate 305 change, the importance of iterativity and of creating a dialogue between those producing and those 306 using information, often through a brokerage organisation, have also been recognised, particularly
307
given the complexity of the subject matter (Dilling and Lemos, 2011) .
309
Being legitimate also means that the information is perceived to be free from political persuasion or 310 bias. Specifically Sumberg et al. (2013) point out scientific interest in soil carbon management for 311 mitigation cannot be considered neutral, and for this reason this new narrative is subject to 312 contestation. In this respect, there is concern that where political interests drive certain agendas, 313 they do not always reflect the interests of the land managers. This is apparent in the range of land 314 manager beliefs and attitudes about the evidence and perceived relevance of predicted climate 315 change impacts (Arbuckle et al., 2014 , Prokopy et al., 2015 , Fleming and Vanclay, 2011 .
317
The significance of credibility, salience and legitimacy to producing and communicating information 
333
• To develop and deliver decision support guidelines for different European soils and 334 categories of beneficiaries (farmers, farm advisory services, and policy makers). 349 (Naumann et al., 2015) . Cost effectiveness analysis was also conducted for these practices in 350 different contexts (Sánchez et al., 2016 , McVittie, 2014 .
352
Understanding the perspectives and the information needs of the farming community, as well as 
356
Poland, Scotland and Spain using a series of interviews and participatory workshops throughout the
357
project. This paper focuses on the findings from these activities.
359
Thus, although not explicitly recognised at its inception, the project was conceived on the basis that: 
366
Case study regions (Table 1) were selected to represent different bio-geographical (farming systems,
367
soil type, SOC content, risk of soil carbon loss) and socio-economic contexts across Europe.
368
Stakeholders in each case study included: agricultural advisers (from public extension and 
380
In a preliminary consultation, 68 stakeholder interviews (face to face and telephone), were carried 381 out by case study project partners (approximately 10 per case study). These were preceded by seven 
391
The results of this consultation were fed back into the project's scientific processes of modelling, 
414
themes across the case studies according to recognised methods (Ryan and Bernard, 2003) .
415
Credibility and salience, and legitimacy emerged as strong recurrent themes out of the data. The 416 expression of these themes differed subtly in the case studies but it was possible to draw these 417 together under common constructs. The interview questions and subsequent workshop topics were 418 framed by some a priori understanding of the issue (as described above) however the three broad 419 themes were not anticipated before analysing the data.
421
Results from both the interviews and the workshops are presented below, structured around these 
429 4. Results 430 431
In general terms awareness and use of SOC practices was reported as low in the case study regions.
432
This is backed up by analysis of data from the EU-27 regions which shows limited implementation of 433 SOC management practices (Sánchez et al., 2016) . Not surprisingly, stakeholder awareness,
434
understanding and implementing of SOC practices differed between case study regions due to 435 different biophysical, farming, socio-economic contexts and institutional contexts, as reported 436 elsewhere (Ingram et al., 2014b , Ingram et al., 2014a . In Denmark and Scotland there is a growing 437 interest in the farming and policy maker community in soil health and the role of soil organic matter, 
445
Although a number of views and issues were raised in discussions, reference to credibility and 446 relevance of information about SOC practices which could provide an optimised balance between 447 crop productivity and soil carbon sequestration were repeatedly made and these are reported here.
448
Given the diversity of case studies and the number of respondents, it is not possible to fully 
481
Dealing with the issue of heterogeneity at a regional and at a farm scale is also a concern for 482 researchers and advisers who point out that translating recommendations to the farm level is 483 complicated by variable local conditions. According to a Spanish respondent:
485
There 
490
Most respondents stressed the importance of evidence when providing information about practices, 
505
In line with these views, an exercise conducted in the Workshop 1 to identify the most effective way 506 of communicating the benefits of SOC practices to farmers, ranked real life examples as the highest 507 in all but one of the case studies, and factsheets as second highest, (videos and DSTs tended to be 508 ranked next depending on the case study, social media was the least preferred in all workshops 
540
These comments show the different and sometimes contradictory perspectives on the need for, and 541 the constituents of, credible information about soil carbon for land managers. These differing views 542 cannot be explained by any particular adviser or farmer characteristic, although the advisers who 543 were sufficiently well informed or science-literate to question the science were all from the four 544 western European case studies. Additional comments also revealed that some elements 545 (observation at practical demonstrations, tangible information, simple language) are equally 546 pertinent to both credibility and salience.
548
With respect to the trustworthiness or believability of the information, some interviewees perceived 549 policy makers' knowledge and action to be based on something political rather than scientific 
598
This sentiment was echoed in all case studies where respondents stressed that any guidance or tool 599 conveying long-term SOC gains for which economic benefits are difficult to demonstrate will be 
607
Hungary noted, farmers will be more interested in information to help them to decide "whether you 608 remove the straw this year or not" than in a long-term perspective.
610
Aligning information about SOC practices with existing policy measures was also identified as 
617
Nor is soil carbon part of the farmers' or advisers' vocabulary or every-day language, since it is still a 618 relatively new issue for farmers. Although they are familiar with soil organic matter which is 619 universally recognised as relevant to soil quality and crop productivity, the benefits of soil carbon 620 and the functions it provides are not that well recognised or considered relevant. Indeed, some 621 advisers pointed out that some farmers' interest in the soil itself is still limited, illustrated in this 
653
Incorporating feedback 654
Whilst obstacles with stakeholder engagement could be addressed to some extent, incorporating 
673
The scientists, guided by the project objectives and their own interests, also, not surprisingly have a 
679
Notwithstanding this dissonance, the project modelling and other activities did build on and enhance 680 the body of existing knowledge by developing new scientific principles, a Simple Model as a basis for 681 the DST (Olesen, 2014) , and cost effectiveness assessments of practices and impact of practices on 682 gross margins at case study region and farm level (Sánchez et al., 2016) . These all provided the 683 scientific underpinning for the decision support guidelines (see Figure.1 ).
685
Taking 
715
Overall, the extensive stakeholder consultation showed that the notion of the science-farm divide is 716 too simplistic, as recognised elsewhere (e.g. Vogel et al., 2007) . The picture is more nuanced than the 717 polarised term suggests with a number of actors, sectors, dimensions, domains and levels of activity 
724
Credibility 725
The results presented here show that credibility is multi-dimensional with stakeholders referring to 726 different criteria to assess what, for them, is valid and believable. Scientific plausibility has long been 727 the currency of scientists but this research reveals the significance advisers place on this. This was 728 articulated in terms of perceived scientific uncertainty and inadequacy of the technical evidence and 729 arguments, which they felt undermined the validity of any claims and therefore potentially their 730 advice to farmers. Uncertainty is a fluid concept and has a number of dimensions, one of which is 731 confidence, a term frequently used by stakeholders and scientists. This corresponds to Sigel et al.'s a specific question) which they place on a spectrum between certainty (where they have confidence)
734
and a lack of knowledge. Uncertainty is known to challenge the authority of climate science. The way 735 in which scientists communicate uncertainty, and the boundary devices they use, affects the 736 perceived authority of the science (Shackley and Wynne, 1996) . In this respect Van der Sluijs et al. (2008) contend that the quality of evidence for complex and contested issues is a function of the 738 scientific processes behind it. They argue that framing of the problem, the narrative for the solution, 
737
744
there is little available experience (O'keefe, 2015) . According to respondents, farmers place less 745 emphasis on scientific explanations, however, it is possible that farmers rely on and trust their 746 advisers to validate the science for them, this is known to be the case when the messages or topics 747 are complex (Ingram, 2008 , Feder et al., 2004 ; and where farmers require 'definite' advice, as
748
opposed to what the perceive as 'vague or contradictory' information from scientific sources 749 (Holloway, 1999) .
751
This distinction between farmer and adviser interpretations of credibility is clearly very broad and
752
does not capture the heterogeneity of their knowledge orientations. Previous work, for example, has
753
shown that farmers utilise quite different criteria to determine the reliability and applicability of new 754 information (Raedeke and Rikoon, 1997) , as do advisers (Ingram, 2008) ; while for achieving carbon 755 sequestration, different sorts of land managers have been shown to place differing emphases on the 756 robustness of scientific evidence (Dilling and Failey, 2013) . However, in this project this broad 757 distinction has been a useful heuristic in steering the development of the decision support guidelines 758 to ensure that differing information-use tendencies are catered for.
760
These results raise the wider question of how to promote management where evidence is perceived 
767
such as conservation agriculture, despite weak evidence Thompson, 2012, Whitfield 768 et al., 2015) . Furthermore some commentators suggest that uncertainty can lead to or justify 769 inaction. Fleming and Vanclay (2011) for example observed what they called a discourse of (Liebig and Doran, 1999, Ingram et al., 2010) . In dealing with this the decision support 786 guidelines present information on the benefits as well as the synergies, co-benefits and trade-offs of 787 carbon management and ensure this is relevant to the whole farm context (Figure 3 ).
789
Salience can be increased when the scales and reliability of the information are aligned with the 790 scale and nature of the decision (Cash et al., 2003 studies of land managers' attitudes to soil health and productivity (Bennett and Cattle, 2013) and in 800 many other contexts where short-term motivations (and information needs) override long-term 801 strategies and benefits, for example, on-farm conservation (Siebert et al., 2006) and climate change 802 adaptation (Bradshaw et al., 2004) . However, research also shows that farmers are used to longer 803 term strategic decision making (crop selection, equipment investments, or land purchases) (Stone 804 and Meinke, 2006) and are motivated by security and long-term farm viability (Siebert et al., 2006) .
805
In this respect the potential for applications of seasonal weather/climate information to tactical and 806 strategic decisions has been recognised (Prokopy et al., 2015) . Arguably therefore, information on 807 the long-term benefits of improved soil function, and the sustained crop productivity this brings, can 808 be useful to farmers/advisers. As such the decision support guidelines produced by the project 809 describe both short and long-term impacts, both in quantitative (yields, costs etc) and qualitative
810
(increased resilience, confidence and learning) terms.
812
Matching information with the scale of the decision is equally difficult, as it involves translating 813 scientific information (often from uniform experimental plots) to the finer spatial scale of the farm.
814
Such alignment is complicated by the inherently variable nature of soils and the environmental 815 factors, including climatic conditions and management regime, which affect SOC stocks. This is a 816 common experience since science tends to utilise reductive models in which it assumes that people 817 have common interests and contexts which are definable by science. The project struggled with 818 developing simple information which has wide applicability and yet meets land managers' needs for 819 guidance on incorporating carbon into decision-making at the local level. This is a recurrent problem 820 in formulating soil management guidelines (Bennett and Cattle, 2013 
828
shown to be an important element of both science-policy (Sarkki et al., 2015 , White et al., 2010 and 829 science-practice interfaces, especially when uncertainty is high and values are contested (Carberry et 830 al., 2002 , Oliver et al., 2012 . The research reported here demonstrates that a short-term project 
841
however consultative an approach may be, ultimately choices are made about which problems and 842 potential solutions will be considered and which ones will not and this is clearly the case in a 843 research project which has a defined remit and outputs agreed with the funders and steered by 844 political agendas , Cash et al., 2003 , Giller et al., 2008 .
846
In summary although credibility has been portrayed as solely a scientific interest and salience and 847 legitimacy as 'societal' interests (Cash et al. 2003) , this research has revealed that stakeholder and 848 project partners have criteria related to all three attributes as found by other scholars (Hegger et al., 
855
Dynamic interplay between the three attributes 856
The results also reveal an interplay between stakeholders' views on credibility and salience and 857 between these and the legitimacy provided by the project methodology. This is in-line with other 858 research which has shown that the three attributes are, not only tightly coupled, but often in 859 dynamic tension (Cash et al., 2002 , Hegger et al., 2012 .
861
Increasing legitimacy through extensive consultation across a range of European stakeholders 862 potentially had some negative effects on the salience of the information produced by the project.
863
Stakeholders' different interests and priorities led in some part to diluting and re-framing the issues 864 in a way that made some information irrelevant to some stakeholders; as what is considered 865 important or valued in one case study was not relevant in another. Although it was possible to refine 866 and orientate the salience of Real Life Cases towards particular interests at the case study level, this 867 was more challenging for EU wide FactSheets, where accommodating all the feedback risked them 868 becoming too generic. When it comes to reconciling stakeholder views and providing relevant 869 information, inevitably a balance must be struck according to the scale of delivery.
871
Efforts to increase legitimacy can also decrease credibility. Given the space to articulate their views, 872 some respondents exposed, and arguably emphasised, the scientific uncertainties about the 873 potential benefits of the SOC practices, possibly because of personal beliefs, as found elsewhere 874 with climate change communication (Moser, 2010) . Participatory processes to allow legitimacy 875 provide opportunities for stakeholders to express doubts about the way research is produced, 876 validated and communicated and this can represent some fundamental difficulties for scientists 877 Thompson, 2012, Vogel et al., 2007) . There are also issues of raising expectations 'tainted' by stakeholders with a particular interest who might bias the process (Cash et al., 2002) . In 885 relation to this some stakeholders expressed unease about policy makers input and their potential 886 misinterpretation of the information. This is seen to be a concern in rural settings where policy 887 makers are described as using the discourses of certainty and technical expertise as legitimate 888 arbiters of technical measures and environmental standards (Pretty, 1995 , Whatmore, 2009 
